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[Name of the document] Specification 

[Title of the invention] Positive photosensitive resin 
compositions, and relief patterns and solid-state image sensors 
made thereof 

[Technical field] 

[0001] The invention relates to positive photosensitive resin 
compositions that become soluble in an alkaline solution when 
exposed to ultraviolet light , and that serve as material for optical 
waveguides and lenses for optical devices which are required to 
be high in transparency, refractive index, and quality of 
curvature . 

[Background art] 

[0002] Saidpositive photosensitive resin compositions that become 
soluble in an alkaline solution when exposed to ultraviolet light 
include positive resist compositions, positive photosensitive 
polyimide precursor compositions, and positive photosensitive 
polybenzoxazole precursor compositions , all of which have already 
been developed (for instance, see patent reference 1) . These have 
been used as material for masks designed for silicon oxide film 
dry etching processes in semiconductor manufacturing plants, or 
they may be heated, or processed with a suit able catalyst , toproduce 
heat-resistant resin to be used in semiconductor's surface 
protection film, interlayer insulators, insulating layers in 
organic electroluminescence devices , etc ( f or ins tance , see patent 
reference 2). Said resin compositions generally do not have a 
sufficiently high index of refraction as material for lenses of 
optical devices, and products consisting of high transparency 
polyimide incorporating particles with a high refractive index 
have been developed to solve this problem ( for instance , see patent 
reference 3 ) . 
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[Patent reference 1] 

Unexamined Patent Publication (Kokai) 2002-241611 
[Patent reference 2] 

Unexamined Patent Publication (Kokai) 2002-221794 
[Patent reference 3] 

Unexamined Patent Publication (Kokai) 2003-75997 
[Disclosure of the invention] 
[Problems to be solved by the invention] 

[0003] When applying to lenses of a charge coupled device, which 
is a kindof optical device, however, currently available products , 
which are generally low in refractive index, can cause troubles 
in producing products with a high pixel density and a highly fine 
pattern wiring which represent the current technological trends. 
Currently, a pattern i s formed in a composition , followed by thermal 
melting to produce lenses, but if a large amount of particles with 
a high refractive index is used to improve the refractive index 
of the product , these part icles wi 11 disturb the flow of the material 
during heating, making it difficult to provide lenses that have 
both a high refractive index and an accurate shape. 

[0004] The object of the invention is to provide compositions that 
are almost insoluble in alkali developers before exposure but 
become highly soluble in alkali developers when exposed to light, 
and that can form a fine, high-resolution pattern, to serve for 
productions of lenses with a high transparency and a high refractive 
index to be used in optical devices. 

[Means of solving the problems] 

[0005] Thus the invention relates to positive photosensitive resin 
compositions comprising: (a) 100 parts by weight of a polymer that 
has an alkali- soluble group, (b) 1-30 parts by weight of a compound 
that absorbs light with the wavelength used for exposure, but is 
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not bleached by the light, (c) 1-50 parts by weight of a quinone 
diazide compound, and (d) 5-500 parts by weight of particles of 
at least one inorganic substance selected from the group of an aluminum 
compound, silicon compound, tin compound, titanium compound and 
zirconium compound with a diameter in the range of 1 nm to 30 nm; 
or in more specific words, positive photosensitive resin 
compositions comprising: (a) 100 parts by weight of a polymer that 
has an alkali -soluble group, (b) 1-3 0 parts by weight of a compound 
that absorbs ultraviolet light, but is not bleached by the light, 
(c) 1-50 parts by weight of a quinone diazide compound, and (d) 
5-500 parts by weight of particles of at least one inorganic substance 
selected from the group of an aluminum compound, silicon compound, 
tin compound, titanium compound and zirconium compound with a 
diameter in the range of 1 nm to 30 nm . 

[0006] Furthermore, the relief pattern of heat-resistant resin of 
the invention comprises dots with a size of 1 /xm to 10 /xm arranged 
grid- like at intervals of 0.1 (tm to 1.0 fim, wherein each dot has 
a light transmi ttance at 400 nm of 80% or more per /xm and a taper 
angle of 55° or less. 

The present invention also proposes various preferred embodiments. 
[Effect of the invention] 

The invention provide a positive photosensitive resin composition 
with a high transparency and a high refractive index, which can 
be developed by an alkaline solution. It is also possible to form 
a relief pattern that serves to produce lenses with a preferred 
refractive index and an accurate shape to be used in solid-state 
image sensors such as charge coupled device. 
[Brief description of the drawings] 
[0009] 
[Figure 1] 
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This illustrates a process of producing a lens from a photosensitive 
resin composition of the invention. The left-hand picture shows 
the cross-section of a pattern produced by light exposure and 
development, while the right -hand picture shows the cross-section 
(in a lens shape) of a pattern produced by heating the former. 
[Key] 
[0010] 

1 and 3 : taper angle 
2 : substrate 

[Best mode for carrying out the invention] 

[0011] Component (a) of the invention should be soluble in the 
alkaline solution used as developer, and any common alkali - soluble 
polymer that has been conventionally used may serve appropriately . 
Such alkali - soluble polymers include novolac resin, resol resin, 
produced free-radical polymerized polymers comprising a phenolic 
hydroxyl group or a carboxyl group, polyimide precursor s , polyimide 
and polybenzoxazole precursors. Said polymers preferably have an 
alkali - soluble group in their molecules. 

[0012] Said alkal i - soluble group may be, for instance, a carboxyl 
group, phenolic hydroxyl group, sulfonic group or thiol group. 

[0013] Said novolac resin and resol resin may be produced through 
condensation polymerization of one or more phenols with a known 
method using an aldehyde such as formalin. 

[0014] Said phenols used to produce novolac resin or resol resin 
include, but not limited to, phenol, p-cresol, m-cresol, o-cresol, 
2 , 3 -dimethylphenol , 2,4 -dime thylphenol , 2,5 -dimethylphenol , 
2 , 6 -dime thylphenol , 3 , 4 -dimethylphenol , 3 , 5 -dimethylphenol , 

2.3. 4 - trimethylphenol , 2,3, 5 - trimethylphenol , 

3.4.5 -trimethylphenol ,2,4, 5 - trimethylphenol , methylene bisphenol , 
methylene bis -p-cresol , resorcin, catechol, 2 -methylresorcin, 
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4 -methylresorcin, o-chlorophenol , m-chlorophenol, p-chlorophenol , 
2 , 3 -dichlorophenol , m-methoxyphenol , p-methoxyphenol , 
p-butoxyphenol , o- ethylphenol , m-ethylphenol , p-ethylphenol , 
2 , 3 -diethylphenol , 2 , 5 - diethylphenol , p- isopropylphenol , 
a-naphthol, and p-naphthol , which may be used alone or in combination 
as a mixture. 

[0015] Said aldehydes include formalin, paraformaldehyde, 
acetaldehyde , benzaldehydes , hydroxybenzaldehyde and 
chloroacetaldehyde , which may be used alone or in combination as 
a mixture . 

[0016] For the invention, suitable homopolymers produced from 
free - radical polymerizable monomers comprising a phenol ic hydroxyl 
group or a carboxyl group and/or copolymers produced through 
copolymerization of said free-radical polymerizable monomers with 
other free-radical polymerizable monomers can be produced with 
a known polymerization method using a free-radical polymerization 
inni tiator . 

[0017] Said free-radical polymerizable monomers comprising a 
phenolic hydroxyl group or a carboxyl group include, for instance, 
o-hydroxystyrene , m-hydroxystyrene , p-hydroxystyrene , and their 
alkyl-, alkoxy-, halogen-, haloalkyl-, nitro-, cyano-, amide-, 
ester-, or carboxy- subst itutedproduct s ; polyhydroxy vinylphenols 
such as vinyl hydroquinone , 5 -vinyl pyrogallol , 6 - vinyl pyrogal lol , 
and 1- vinyl phloroglucinol ; o-vinyl benzoic acid, m-vinyl benzoic 
acid, p-vinyl benzoic acid, and their alkyl-, alkoxy-, halogen-, 
nitro-, cyano-, amide-, or ester- subst ituted products; 
methacrylic acid, acrylicacid, and their alpha haloalkyl - , alkoxy-, 
halogen-, nitro-, or cyano- subst ituted products; bivalent 
unsaturated carboxyl ic acids such as maleic acid, maleic anhydride , 
fumaric acid, fumaric anhydride , citraconic acid, mesaconic acid, 
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itaconic acid, 1 , 4 -cyclohexene dicarboxylic acid, and their methyl , 
ethyl, propyl, i -propyl, n-butyl, sec-butyl, tert -butyl, phenyl, 
o- , m- or p-toluyl half esters and half amides. Of these, 
o- hydroxys tyrene , m-hydroxystyrene , p -hydroxys tyrene , and their 
alkyl- or alkoxy- substituted products are preferred because of 
their good properties in terms of sensitivity during patterning, 
resolution, remained film thickness after development , resistance 
to heat deformation, resistance to solvents, adhesion with 
substrates, and preservation stability of solutions. These may 
be used alone or in combination. 

[0018] Other preferred free-radical polymeri zable monomers 
include styrene and its substitution products with alkyl, alkoxy, 
halogen, haloalkyl, nitro, cyano, amide, or ester at a-, o- , tri- 
or p-position; diolefins such as butadiene, isoprene, and 
chloroprene; methacrylate or acrylate esterified with methyl, 
ethyl, n-propyl, i -propyl, n-butyl, sec-butyl, tert-butyl, pentyl , 
neopentyl, i soamylhexyl , cyclohexyl, adamanthyl , allyl, propargyl , 
phenyl, naphthyl , anthracenyl, anthraquinonyl , piperonyl , salicyl, 
cyclohexyl, benzyl, phenethyl, cresyl, glycidyl, 
1,1,1 - tri f luoroethyl , per f luoroethyl , perfluoro -n-propyl , 
perf luoro- i -propyl , tr iphenylmethyl , 

tricycle [5 . 2 . 1 . 0 2 ' 6 ] decane-8-yl (generally referred to as 
dicyclopentanyl in the technical field of the invention) , cumyl , 
3- (N, N- dimethyl ami no) propyl , 3- (N , N- dimethyl amino) ethyl, furil, 
or f urf uryl ; anilide or amide of methacrylic acid or acrylic acid, 
or N, N-dimethyl , N,N-diethyl, N, N-dipropyl , N,N-diisopropyl , 
anthrani lamido, acrylonitrile , acrolein , methacrylonitrile , 
vinyl chloride, vinylidene chloride, vinyl fluoride, vinylidene 
fluoride, N- vinylpyrrolidone , vinylpyridine , vinyl acetate, 
N-phenyl maleimide, N- ( 4 -hydroxyphenyl ) maleinimide , 
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N-methacryloylphthalimide , and N-acryloylphthalimide , which may 
be used alone or in combination. Of these, styrene and its 
substitution products with alkyl, alkoxy, halogen, or haloalkyl 
at a-, o- , m- or p-posit ion ; butadiene and isoprene ; me thacryiate 
or acrylate esterified with methyl, ethyl, n-propyl, n-butyl, 
glycidyl, or tricycle [5 . 2 . 1 . 0 2 ' 6 ] decane-8-yl are preferred 
because of their good properties in terms of sensitivity during 
patterning, resolution, remained film thickness after development , 
resistance to heat deformation, resistance to solvents, adhesion 
with substrates, and preservation stability of solutions. If a 
copolymer produced from a free-radical polymerizable monomer that 
has the phenolic hydroxyl group with another free-radical 
polymerizable monomer is used as said alkali - soluble resin, the 
ratio of said another free-radical polymerizable monomer to the 
total amount of said free-radical polymerizable monomer that has 
the phenolic hydroxyl group and said another free -radical 
polymerizable monomer is preferably 30 percent by weight or less, 
more preferably 5-20 percent by weight. If a copolymer produced 
from a free-radical polymerizable monomer that has the carboxyl 
group with another free-radical polymerizable monomer is used as 
said alkali - soluble resin, the ratio of said another free-radical 
polymerizable monomer to the total amount of said free-radical 
polymerizable monomer that has the carboxyl group and said another 
free-radical polymerizable monomer is preferably 90wt% or less, 
more preferably 10-80wt%. Development with an alkali will be 
difficult in some cases if the ratio of these free-radical 
polymerizable monomers relative to the free-radical polymerizable 
monomer with the phenolic hydroxyl group or carboxyl group is larger 
than said ranges. 

[0019] Preferred polymers for the invention that comprises a 
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structural unit as shown by general formula (1) as main component 
can form a polymer having an imide ring, oxazole ring or other 
rings under heating or a suitable catalyst- The main component 
should account for 50 mol% or more, preferably 70 mol% or more, 
still more preferably 90 mol% or more in terms of the amount of 
structural units. The formation of rings will act to drastically 
increase the heat resistance and solvent resistance. Thus, 
"heat-resistant resin" for the invention refers to a polymer that 
forms a ring structure under heating or a suitable catalyst or 
a polymer that comprises a ring. 
[0020] 

[Chemical compound 1] 

(OH) (OH) 

i 

CO R 1 CONH R 2 NHl 

J n 



(l) 



(COOR 3 ) 



m 

[0021] In the formula, R 1 denotes a bivalent to octavalent organic 
group with two or more carbon atoms, R 2 a bivalent to hexavalent 
organic group with two or more carbon atoms, and R 3 a hydrogen 
atom or an organic group with 1-20 carbon atoms. And, n indicates 
an integer in the range of 10 to 100000, m an integer in the range 
of 0 to 2, and p and q an integer in the range of 0 to 4 that meet 
the following formula: p+q^0. 

[0022] General formula (1) given above represents a polyamic acid 
and/or polyamic acid ester having a hydroxyl group, and it is only 
natural that p+q>0 is preferred. With this hydroxyl group, said 
substance is more soluble in an alkaline solution than a polyamic 
acid that is free of the hydroxyl group. Phenolic hydroxyl groups, 



8 



among others, are preferred in terms of the solubility in alkaline 
solutions. If each molecular of said polymer that comprises, as 
main component, a structural unit as shown by general formula (1) 
contains 10 wt% or more of fluorine atom, the film interface will 
have a moderate degree of repellency during development with an 
alkaline solution, serving to prevent the infiltration of the 
solution into the interface. A fluorine content above 20 wt% is 
undesirable since it will cause a decrease in the solubility in 
an alkaline solution, a decrease in the organic solvent resistance 
of said polymer in which a ring has been introduced by heating, 
and a decrease in the solubility in fuming nitric acid. Thus it 
is preferred that the fluorine content is in the range of 10 to 
20 wt%. 

[0023] In general formula (1) given above, R 1 represent a structural 
unit of an acid dianhydride, which is preferably a bivalent to 
octavalent organic group that comprises an aromatic ring, one to 
four hydroxyl groups, and two or more carbon atoms, more preferably 
a trivalent or quadrivalent organic group with 6-30 carbon atoms. 

[0024] 

[Chemical compound 2 ] 

R 4 CONH R 5 NHCO R 6 

(COOR 7 ) Q (OH)r ( COOR 8 ) s (2) 

[0025] R 4 and R 6 represent a bivalent to quadrivalent organic group 
with 2-20 carbon atoms, R a trivalent to hexavalent organic group 
with a hydroxyl group and 3-20 carbon atoms, and R 7 and R 8 either 
a hydrogen or an organic group with 1-20 carbon atoms . In addition, 
o and s denote an integer in the range of 0 to 2, and r shows an 
integer in the range of 1 to 4 . 
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[0026] Specifically, a structure as shown by general formula (2) 
where R 4 and R 6 represent a bivalent to quadrivalent organic group 
with 2-20 carbon atoms is preferred, and furthermore it preferably 
contains an aromatic ring to produce a highly heat-resistant 
polymer, with part icularly preferred structures being trimellitic 
acid, trimesic acid, and naphtalenetricarboxylic acid residue. 
R 5 is preferably a trivalent to hexavalent organic group with a 
hydroxyl group and 3-20 carbon atoms. Moreover, it is preferred 
that said hydroxyl group is located at a position next to the amide 
bond. Thus, preferred substances include 
bis ( 3 - amino - 4 - hydroxyphenyl ) hexaf luor opr opane and 
bis ( 3 -hydroxy- 4 -aminophenyl ) hexaf luor opr opane that contain a 
fluorine atom ; and bis ( 3 -amino -4 -hydroxyphenyl ) propane , 
bis ( 3 -hydroxy- 4 -aminophenyl ) propane , 
3,3' -diamino-4 , 4 ' - dihydroxybiphenyl , 

3,3' -diamino-4 , 4 ' -dihydroxybiphenyl , 2,4 - diamino-phenol , 
2 , 5 -diamino-phenol , and 1 , 4 ' -diamino- 2 , 5 - dihydroxybenzene that 
have an amino group bonded and that contain no fluorine atoms. 
[0027] Moreover, R 7 and R 8 in general formula (2) are preferably 
either a hydrogen atom and/or an organic group with 1-2 0 carbon 
atoms . Solubility in an alkali developer will decrease as the number 
of carbon atoms exceeds 20. 

[0028] In general formula (2), o and s denote an integer in the 
range of 0 to 2 , and r shows an integer in the range of 1 to 4 . 
The characteristics of the heat resistant resin film obtained will 
deteriorate as r exceeds 5 . 

[0029] Specifically, preferred structural units as represented 
by general formula (2) include the following. But these are not 
intended to limit the invention. 

[0030] 
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[Chemical compound 3] 



HO HO 




[0031] The compound may be denatured with a tetracarboxylic acid 
or a dicarboxylic acid that is free of the hydroxyl group unless 
the solubility in alkalis, photosensitivity or heat resistance is 
decreased. Such acids include aromatic tetracarboxylic acids such 
as pyromellitic acid, benzophenone tetracarboxylic acid, 
biphenyltetracarboxylic acid, diphenyl ether tetracarboxylic acid 
and diphenylsulf one tetracarboxylic acid; diester compounds 
produced by replacing their two carboxyl groups with methyl groups 
or ethyl groups; aliphatic tetracarboxylic acids such as butane 
tetracarboxylic acid and cyclopentane tetracarboxylic acid; diester 
compounds produced by replacing their two carboxyl groups with methyl 
groups or ethyl groups; aromatic dicarboxylic acids such as 
terephthalic acid, isophthalic acid, diphenyl ether dicarboxylic 
acid and naphthalene dicarboxylic acid; and aliphatic dicarboxylic 
acids such as adipic acid . Their proportion to the total acid component 
should be 50 mol% or less, preferably 30 mol% or less . The solubility 
in alkalis and photosensitivity may deteriorate as the proportion 
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of said compounds used denaturation exceeds 50 mol%. 

[0032] In general formula (1) given above, R 2 represents a diamine 

residue. R 2 should comprise a hydroxyl group and an aromatic ring 

so that the resulting polymer will have a high heat resistance. 

Specifically, preferred units include fluorine-containing 

bis (amino-hydroxy-phenyl) hexaf luoropropane , fluorine-free 

diaminodihydroxypyrimidine, diaminodihydroxypyridine, 

hydroxy-diamino-pyrimidine, diaminophenol , dihydroxybenzidine, 

and other units that has a structure as represented by general formula 

(3) , (4) or (5) . 

[0033] 



[Chemical compound 4] 



R 9 NHCO R 



10 



CONH 



,11 



( h °) t 



R 12 CONH R 13 NHCO 



,14 



(Hi) 



R 15 CONH R 16 



(HO) 



w 



[0034] R 9 and R 11 represent a trivalent to quadrivalent organic group 
that comprises a hydroxyl group and 2-20 carbon atoms, R 10 a bivalent 
organic group comprising 2-30 carbon atoms, and t and u an integer 
of 1 or 2 . R 12 and R 14 represent a bivalent organic group that comprises 
2-20 carbon atoms, R 13 a trivalent to hexavalent organic group that 
comprises a hydroxyl group and 3-20 carbon atoms, and v an integer 
of 1-4. R 15 represents a bivalent organic group that comprises 2-20 
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carbon atoms, R 16 a trivalent to hexavalent organic group that 
comprises a hydroxyl group and 3-20 carbon atoms, and w an integer 
of 1-4. 

[0035] Here, R 9 and R 11 in general formula (3) , R 13 in general formula 

(4) and R 16 in general formula (5) are preferably an organic group 
comprising an aromatic ring and a hydroxyl group so that the resulting 
polymer will have a high heat resistance. R 10 in general formula 
(3), R 12 and R 14 in general formula (4) and R 15 in general formula 

(5) are preferably an organic group comprising an aromatic ring 
so that the resulting polymer will have a high heat resistance. 
Furthermore, t and u in general formula (3) represent an integer 
of 1 or 2, and v in general formula (4 ) and w in general formula 
(5) denote an integer of 1-4. 

[0036] 

Specifically, preferred structural units as represented by general 

formula (3) include the following. 

[0037] 

[ Chemical compound 5 ] 




[ 003 8 ] Preferred structural units as represented by general formula 

(4) include the following. 

[0039] 
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[Chemical compound 6] 





o 

OH 



HO OH 




[0040] Preferred structural units as represented by general formula 

(5) include the following. 

[0041] 

[Chemical compound 7] 





li 



[0042] In a structure as given by general formula (3), R 9 and R 
represent a trivalent-quadrivalent organic group that comprises 
a hydroxyl group and 2-20 carbon atoms and preferably comprises 
an aromatic ring so that the resulting polymer will have a high 
heat resistance. Specifically, preferred groups include 
hydroxyphenyl , dihydroxyphenyl , hydroxynaphthyl , 
dihydroxynaphthyl , hydroxybiphenyl , dihydroxybiphenyl , 
bis (hydroxyphenyl) hexafluoropropane, bis (hydroxyphenyl) propane, 
bis (hydroxyphenyl) sulfone, hydroxydiphenyl ether, and 
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dihydroxydiphenyl ether. Aliphatic goups such as hydroxycyclohexyl 
and hydroxycyclohexyl are also preferred. R 10 represents a bivalent 
organic group comprising 2-30 carbon atoms. Bivalent groups 
comprising an aromatic ring are preferably used so that the resulting 
polymer will have a high heat resistance, and such groups include 
phenyl, biphenyl, diphenyl ether, diphenylhexaf luoropropane , 
diphenylpropane and diphenyl sulf one , as well as aliphatic 
cyclohexyl . 

[0043] In a structure as given by general formula (4) , R 12 and R 14 
represent a bivalent organic group comprising 2-20 carbon atoms. 
Bivalent groups comprising an aromatic ring are preferably used 
so that the resulting polymer will have a high heat resistance, 
and such groups include phenyl, biphenyl, diphenyl ether, 
diphenylhexaf luoropropane , diphenylpropane and diphenyl sulf one, 
as well as aliphatic cyclohexyl. R 13 represents a 

trivalent-hexavalent organic group comprising a hydroxyl group and 
3-2 0 carbon atoms, and preferably comprises an aromatic ring so 
that the resulting polymer will have a high heat resistance. 
Specifically, preferred groups include hydroxyphenyl , 
dihydroxyphenyl , hydroxynaphthyl , dihydroxynaphthyl , 
hydroxybiphenyl , dihydroxybiphenyl , 

bis (hydroxyphenyl) hexaf luoropropane , bis (hydroxyphenyl) propane, 
bis (hydroxyphenyl) sulf one, hydroxydiphenyl ether, and 
dihydroxydiphenyl ether. Aliphatic goups such as hydroxycyclohexyl 
and dihydroxy cyclohexyl are also preferred. 

[0044] In a structure as given by general formula (5) , R 15 represents 
a bivalent organic group comprising 2-20 carbon atoms. Bivalent 
groups comprising an aromatic ring are preferably used so that the 
resulting polymer will have a high heat resistance, and such groups 
include phenyl, biphenyl, diphenyl ether, 
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diphenylhexaf luoropropane , diphenylpropane and diphenylsulf one, 
as well as aliphatic cyclohexyl. R 16 represents a 

trivalent-hexavalent organic group comprising a hydroxyl group and 
3-2 0 carbon atoms, and preferably comprises an aromatic ring so 
that the resulting polymer will have a high heat resistance. 
Specifically, preferred groups include hydroxyphenyl , 
dihydroxyphenyl , hydroxynaphthyl , dihydroxynaphthyl , 
hydroxybiphenyl , dihydroxybi phenyl , 

bis (hydroxyphenyl) hexaf luoropropane , bis (hydroxyphenyl ) propane , 
bis (hydroxyphenyl) sulfone, hydroxydiphenyl ether, and 
dihydroxydiphenyl ether. Aliphatic goups such as hydroxycyclohexyl 
and dihydroxycyclohexyl are also preferred. 

[0045] These structures may be denatured with other diamine 
components in the range of 1-40 mol%. Such substances include 
phenylenediamine , diaminodiphenyl ether, aminophenoxybenzene , 
diaminodiphenylmethane , diaminodiphenylsulf one , 

bis (trif luoromethyl) benzidine, bis ( aminophenoxyphenyl )propane, 
bis (aminophenoxyphenyl ) sulfone , and compounds produced by 
substituting an alkyl group or a halogen atom in the aromatic ring 
of the preceding compounds . Such substances include phenylenediamine , 
diaminodiphenyl ether, aminophenoxybenzene , 
diaminodiphenylmethane , diaminodiphenylsulf one , 

bis (trif luoromethyl) benzidine, bis (aminophenoxyphenyl (propane, 
bis (aminophenoxyphenyl ) sulfone , and compounds produced by 
substituting an alkyl group or a halogen atom in the aromatic ring 
of the preceding compounds, as well as aliphatic cyclohexyldiamine 
and methylene biscyclohexylamine . The heat resistance of the 
resulting polymer will deteriorate if these diamine components are 
used for copolymer ization up to more than 40 moll. 
[0046] In general formula (1) , R 3 represents either a hydrogen atom 
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or an organic group comprising 1-20 carbon atoms. R 3 is preferably 
an organic group to provide a stable positive photosensitive resin 
composition solution, while it is preferably a hydrogen atom to 
achieve a high solubility in alkali solutions. For the present 
invention, a hydrogen atom and an alkyl group may coexist . The amount 
of the hydrogen atom and the organic group used as R 3 affects the 
rate of dissolution in alkali solutions , so a positive photosensitive 
resin composition with a preferred rate of dissolution can be produced 
by controlling the amount. It is preferred that the hydrogen atom 
accounts for 10%- 90% of the R 3 units . Said compounds will be insoluble 
in alkali solutions as the number of carbon atoms in R 3 exceeds 20. 
Thus, it is preferred that R 3 comprises one or more hydrocarbon 
atom with 1-16 carbon atoms, with the rest being hydrogen atoms. 
[0047] In general formula (1), m, which represents the number of 
carboxyl groups, is an integer of 0-2, while n in general formula 
(1) , which denotes the number of repeating units in the polymer 
of the invention, is preferably in the range of 10-100000. 
[0048] Polyhydroxyamide , which has a similar structure to polyamic 
acid, can be used as heat-resistant polymer precursor instead of 
polyamic acid. In such a polyhydroxyamide production method, a 
bisaminophenol compound may be condensed with dicarboxylic acid. 
Specifically, a dehydration agent such as dicyclohexylcarbodi imide 
(DCC) may be reacted with an acid, followed by addition of a 
bisaminophenol compound, or a tertiary amine such as pyridine is 
added to a solution of a bisaminophenol compound, fol lowed by dropping 
of a solution of dicarboxylic acid dichloride. 

[0049] If polyhydroxyamide is used, addition of a photosensitizing 
agent such as naphthoquinonediazidosulf onate to the 
polyhydroxyamide solution will serve to produce a positive 
photosensitive resin composition wherein portions exposed to 
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ultraviolet light can be removed with an alkaline solution. 
[0050] To enhance the adhesion with the substrate, an aliphatic 
group with a siloxane structure may be introduced, through 
copolymerizat ion with a substance having said siloxane structure 
for instance, in the R 1 or R 2 components in general formula (1) to 
the extent that it will not decrease the heat resistance. 
Specifically, copolymerizat ion may be performed with a 1-10 mol% 
diamine component such as bis (3-aminopropyl) tet ramethyldisiloxane 
and bis (p-amino-phenyl) octamethylpentasiloxane . 

Said polymer of the invention as represented by general formula 
(1) may comprise only its structural unit, but also may be a 
copolymerizat ion or blending product with other structural units. 
In such cases, it i s preferred that the structural units as represented 
by general formula (1) account for 90 mol% or more of the polymer. 
Suitable structural units should be added for copolymer ization or 
blending to the extent that they will not act to decrease the heat 
resistance of the polyimide-based polymer resulting from final 
heating . 

[0051] Said polymer of the invention as represented by general 
formula (1) may be produced by, for instance, reacting 
tetracarboxylic dianhydride with a diamine compound at a low 
temperature, reacting tetracarboxylic dianhydride with an alcohol 
to produce a diester which is then reacted with an amine under the 
existence of a condensing agent, or reacting tetracarboxylic 
dianhydride with an alcohol to produce a diester and subsequently 
converting the remaining dicarboxylic acid into an acid chloride, 
followed by reaction with an amine. 

[0052] Compound (b) used for the invent ion i s an import ant component 
of the composition which contains particles to lower the 
f lowability during heat processing, serving to achieve an accurate 
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lens shape regardless of the flowability during heat processing. 
If the flowability is low during heat processing, it will be 
difficult to produce an accurate lens shape by using the surface 
tension, so compound (b) is introduced to first produce a pattern 
as shown in Figure 1 that allows the pattern shape after exposure 
and development to have taper angle 1 of 65° or less, followed 
by heat-melting the composition by heat processing at a temperature 
in the range of 130 to 400°C, preferably 170 to 400°C to provide 
patterned heat-resistant resin film in a lens shape with taper angle 
3 of 55° or less. 

[0053] A pattern shown in Figure 1 can be produced by the use of 
compound (b) which absorbs light of a wavelength used for exposure , 
but is not bleached by the light. For said exposure, ultraviolet 
light is generally preferred. So, compound (b) should have 
absorption capacity in the ultraviolet light range. Since compound 

(b) absorbs light emitted from exposure equipment, a large portion 
of the light used for exposure will be absorbed when a photosensitive 
resin composition is patterned by light exposure, but the compound, 
which is not bleached by the light, will act as a light -absorbing 
agent, leading to a large difference in the proportion of sensitized 
photosensitizing agent molecules between the top and the bottom 
of the film, namely leading to a difference in the rate of development 
between the top and the bottom of the film, to ensure easy formation 
of the tapered pattern as mentioned above. 

[0054] A preferred compound as compound (b) of the invent ion absorbs 
at least one selected from the group of the i-line (365 nm) , h-line 

(405 nm) and g-line (436 nm) which are generally used for exposure, 
but is not decomposed or bleached by rays with said wavelengths. 
Light sources are widely available, and therefore, compounds with 
light absorption capacity at these wavelengths are preferred. As 
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a matter of course, this does not mean that the compound should 
not have light absorption capacity at other wavelengths. 
[0055] It should be noted that absorption at wavelengths of 400 
to 700 nm originating in compound (b) of the invention should not 
increase during heat processing in the range of 130 to 400 °C / 
preferably 170 to 400°C. Since the invention is mainly applied to 
optical devices, transparency at wavelengths of 400 to 700 nm should 
be maintained after heat processing in the range of 130 to 400°C, 
preferably 170 to 400°C. Therefore, absorption at wavelengths of 
400 to 700 nm originating in said compound should not increase if 
said compound is vaporized, lost or decomposed during heat processing . 
If the absorption at wavelengths of 400 to 700 nm of said compound 
increases, film may be colored by heat processing, resulting in 
material that is not suitable for optical uses. 

[0056] Compound (b) of the invent ion should account s for 1 - 3 0 parts 
by weight, preferably 2-25 parts by weight, relative to 100 parts 
by weight of the polymer. Thus, the minimum content is 1 part by 
weight, preferably 2 parts by weight, while the maximu is 30 parts 
by weight, preferably 25 parts by weight. A content of less than 
1 part by weight will allow the taper angle in the pattern shape 
produced by development to be above 65°, while a content of more 
than 30 parts by weight will lead to a large decarese in sensitivity 
during the patterning process causing some practical troubles. 

[0057] To allow the taper angle 1 in the pattern shape produced 
by development to be 65° or less, the positive photosensitive resin 
composition of the invention should have an appropriate 
transmittance measured per 1.2 /xm of thickness after coating and 
drying for rays with wavelengths of 365-436 nm, particularly at 
365 nm, and preferably the wavelengths of the rays used for exposure. 
To meet these requirements, said transmittance is preferably in 
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the range of 20-70%, particularly preferably 30-70%, depending on 
the type of compound (b) . A transmittance of less than 20% will 
lead to a large decarese in sensitivity during the patterning 
process causing some practical troubles. If it is more than 70%, 
on the other hand, the taper angle in the pattern shape can exceed 
65°, and a proper lens shape in some cases will fail to be produced 
by said heat processing in the range of 130 to 400°C, preferably 
170 to 400 °C. To ensure a proper transmittance as described above, 
it is important for the content of compound (b) to be in said range. 
[0058] Compounds that meet these characteristics of compound (b) 
include coumarin derivatives, benzotriazole derivatives and 
hydroxybenzophenone derivatives. Preferred coumarin derivatives 
include Coumarin and Coumarin-4 (products of Sigma-Aldr ich Japan 
K.K.), and 4 - Hydroxycoumarin and 7 - Hydroxyc oumar in (products of 
Tokyo Chemical Industry Co., Ltd.). Preferred benzotriazole 
derivatives include Sumisorb 200, Sumisorb 250, Sumisorb 320, 
Sumisorb 340 and Sumisorb 350 (products of Sumitomo Chemical Co., 
Ltd.) . Preferred hydroxybenzophenone derivatives include Sumisorb 
130 and Sumisorb 140 (products of Sumitomo Chemical Co., Ltd.), 
Zislizer M and Zislizer O (products of Sankyo Kasei Co., Ltd.), 
and Seesorb 103 (product of Shipro Kasei Kaisha, Ltd.) . Of these, 
a compound that can be removed by heat processing at a temperature 
in the range of 130 to 400°C, preferably 170 to 400°C, should be 
used, or if it is not removed, it should degrade with its absorption 
capacity in the range of 400 to 700 nm not increased as compared 
to that before the heat processing. For compound (b) to be removed, 
its molecular weight should preferably be in the range of 100-350. 
[0059] Preferred compounds to be used as compound (b) include 
Coumarin, Coumarin-4 , 4 -Hydroxycoumarin, 7 -Hydroxycoumarin, 
Sumisorb 130, Sumisorb 200, Zislizer M and Zislizer O. The structural 
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formulae of preferred compounds are described below 



[0060] 
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[0061] Preferred quinone diazide compounds as compound (c) of the 
invention consist of a compound with a phenolic hydroxyl group 
connected with naphthoquinone diazide sulfonic acid through an ester 
Preferred compounds with a phenolic hydroxyl group to be used here 
include Bis-Z, BisOC-Z, BisOPP-Z, BisP-CP, Bis26X-Z, BisOTBP-Z, 
BisOCHP-Z, BisOCR-CP, BisP-MZ, BisP-EZ, Bis26X-CP, BisP-PZ, 
BisP-IPZ, BisCR-IPZ, BisOCP-IPZ, BisOIPP-CP, Bis26X-IPZ, 
BisOTBP-CP, TekP-4HBPA(tetrakis P-DO-BPA) , TrisP-HAP, TrisP-PA, 
BisOFP-Z, BisRS-2P, BisPG-26X, BisRS-3P, BisOC-OCHP, BisPC-OCHP, 
Bis2 5X-OCHP, Bis2 6X-OCHP, BisOCHP-OC, Bis2 3 6T-OCHP, 
Methylenetris-FR-CR, BisRS-26X and BisRS-OCHP (products of Honshu 
Chemical Industry Co., Ltd.)/ BIR-OC, BIP-PC, BIR-PC, BIR-PTBP, 



BIR-PCHP, BIP-BIOC-F, 4 PC, BIR-BIPC-F and TEP-BIP-A (products of 
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Asahi Organic Chemicals Industry Co . , Ltd.) , 4 , 4 ' -Sulphonyl diphenol 
(product of Wako Pure Chemical Industries, Ltd. ) , and BPFL (product 
of JFE Chemical Corporation) . 

[0062] Of these, preferred compounds with a phenolic hydroxyl group 
include Bis- Z, BisP-EZ, TekP-4HBPA, TrisP-HAP, TrisP-PA, BisOCHP-Z, 
BisP-MZ, BisP-PZ, BisP-IPZ, BisOCP-IPZ, BisP-CP, BisRS-2P, BisRS-3P, 
BisP-OCHP, methylenetris-FR-CR, BisRS-26X, BIP-PC, BIR-PC, 
BIR-PTBP and BIR-BIPC-F . Of these, part icularly preferred compounds 
with a phenolic hydroxyl group include Bis -Z , TekP-4HBPA, TrisP-HAP, 
TrisP-PA, BisRS-2P, BisRS-3P, BIR-PC, BIR-PTBP, BIR-BIPC-F, 
4,4' - sulphonyldiphenol and BPFL. Pre f erred compounds can be produced 
by introducing 4 -naphthoquinone diazide sulfonic acid or 
5 -naphthoquinone diazide sulfonic acid into one of these compounds 
with a phenolic hydroxyl group through an ester bond, though other 
compounds may also be used. The content of said quinone diazide 
compound (c) should be 1-50 parts by weight relative to 100 parts 
by weight of said polymer with an alkali -soluble group. 

[0063] If a naphthoquinone diazide compound with a molecular weight 
of larger than 1000 is used for the invention, such a naphthoquinone 
diazide compound will not be decomposed sufficiently during the 
subsequent heat processing, probably resulting film with some 
problems such as a decreased heat resistance, poor mechanical 
properties and poor adhesion capability. From this viewpoint, said 
naphthoquinone diazide compound should have a molecular weight of 
300 to 1000, preferably 350 to 800 . The amount of said naphthoquinone 
diazide compound should be 1 to 50 parts by weight relative to 100 
parts by weight of said polymer with an alkali-soluble group. 

[0064] A compound with a phenolic hydroxyl group as listed above 
may be added with the aim of decreasing the rate of dissolution 
of unexposed portions during development. 
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[0065] Preferred Compounds with a phenolic hydroxyl group include 
Bis-Z, BisP-EZ, TekP- 4HBPA , TrisP-HAP, TrisP-PA, BisOCHP-Z, BisP-MZ, 
BisP-PZ, BisP-IPZ, BisOCP-IPZ, BisP-CP, BisRS-2P, BisRS-3P, 
BisP-OCHP, methylenetris-FR-CR, BisRS-26X, BIP-PC, BIR-PC, 
BIR-PTBP and BIR-BIPC-F. Of these, particular ly preferred compounds 
with a phenolic hydroxyl group include Bis-Z , TekP-4HBPA, TrisP-HAP, 
TrisP-PA, BisRS-2P, BisRS-3P, BIR-PC, BIR-PTBP, BIR-BIPC-F, 
4 , 4 ' - sulphonyldiphenol and BPFL, though other compounds may also 
be used. 

[0066] The content of said compound with a phenolic hydroxyl group 
is preferably more than 0 and less than 100 parts by weight, 
particularly preferably more than 0 and less than 30 parts by weight , 
relative to 100 parts by weight of saidpolymer with an alkali -soluble 
group. A content of more than 0 and less than 100 parts by weight 
relative to 100 parts by weight of the polymer will allow said compound 
with a phenolic hydroxyl group to act to increase the solubility 
in alkalis of the photosensitive resin composition, leading to an 
increase in the solubility of exposed portions during development. 
A content of 100 parts by weight or more relative to 100 parts by 
weight of the polymer will lead to an unnecessarily high solubility 
in alkalis of the photosensitive resin composition, making 
patterning difficult to perform. 

[0067] Component (d) of the invention is inorganic particles of 
at least one or more materials selected from the group of aluminum 
compounds, silicon compounds, tin compounds, titanium compounds 
and zirconium compounds with a diameter of 1 to 30 nm. Specifically, 
they include aluminum complexes, aluminium oxide particles, tin 
oxide -aluminium oxide composite particles, silicon oxide -aluminium 
oxide composite particles, zirconium oxide- aluminium oxide 
composite particles, tin oxide- silicon oxide composite particles, 
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zirconium oxide -silicon oxide composite particles, tin complexes, 
tin oxide particles, zirconium oxide-tin oxide composite particles, 
titanium complexes, titanium oxide particles, tin oxide- titanium 
oxide composite particles, silicon oxide- titanium oxide composite 
particles, zirconium oxide -titanium oxide composite particles, 
zirconium complexes and zirconium oxide particles. Preferred ones 
include tin oxide- titanium oxide composite particles, silicon 
oxide-titanium oxide composite particles , titanium oxide particles , 
zirconium oxide-tin oxide composite particles, zirconium 
oxide-silicon oxide composite particles and zirconium oxide 
particles . 

[0068] The number average particle diameter of said inorganic 
particles as measured with laser diffraction and scattering is 
preferably 1 to 30 nm, particular ly preferably 1 to 15 nm. A particle 
diameter of 1 to 3 0 nm makes it possible to achieve a photosensitivity 
that allows a desired resolvable pattern to be produced by light 
exposure of said composition. If the particle diameter is more than 
30 nm, the resulting composition will not have a sufficient 
photosensitivity because it causes irregular reflection of rays 
used for light exposure, failing to produce a desired resolvable 
pattern. The content of these inorganic particles should be 5 to 
500 parts by weight , preferably 50 to 500 parts by weight , particularly 
preferably 60 to 300 parts by weight , relative to 100 parts by weight 
of the polymer. Thus, the minimum content is 5 parts by weight, 
preferably 50 parts by weight, more preferably 60 parts by weight, 
relative to 100 parts by weight of the polymer, while the maximum 
content is 500 parts by weight, preferably 300 parts by weight. 
It can be seen that a content of 5 to 500 parts by weight, preferably 
50 to 500 parts by weight, relative to 100 parts by weight of the 
polymer, acts to increase both the refractive index and transmit tance 
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(particularly at 400 nm) . A content of less than 5 parts by weight 
can lead to an insufficient transparency and refractive index, while 
a content of more than 500 parts by weight can make it very difficult 
to perform patterning to achieve any photosensitivity though both 
the transparency and refractive index can be increased. 
[0069] These inorganic particle materials can be used alone or 
for composite particles. In addition, these inorganic particle 
materials can be used in combination as a mixture. 
[0070] Commercially available compounds include "OptorakeTR-5 02" 
and "OptorakeTR- 504" tin oxide-titanium oxide composite particles, 
"OptorakeTR-5 03" silicon oxide -titanium oxide composite particles, 
"OptorakeTR- 5 05" , "OptorakeTR- 512" , " OptorakeTR- 513 " , 
"OptorakeTR- 5 14" and "OptorakeTR- 515" titanium oxide particles 
(products of Catalysts & Chemicals Ind. Co. , Ltd. ) , zirconium oxide 
particles (Kojundo Chemical Lab. Co., Ltd.), tin oxide -zirconium 
oxide composite particles (Catalysts & Chemicals Ind. Co., Ltd.) 
and tin oxide particles (Kojundo Chemical Lab. Co., Ltd.). 
[0071] As required, surfactants, esters such as ethyl lactate and 
propylene glycol monomethyl ether acetate, alcohols such as ethyl 
alcohol, ketones such as cyclohexanone and methyl isobutyl ketone, 
ethers such as tetrahydrof uran and dioxane may be added to improve 
the wettability between said photosensitive resin composition and 
the substrate. Other inorganic particles or powder of polyimide 
etc. may also be added. 

[0072] To improve the adhesion with a silicon wafer substrate, 
furthermore, a silane coupling agent etc. may be added to 
photosensitive resin composition varnish up to 0.5 to 10 wt%, or 
such a silicon wafer substrate may be pretreated with such chemicals . 

[0073 ] Such agents for addition to varnish include aluminum chelating 
agents or silane coupling agents such as methylmethacryloxy 
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dimethoxy silane and 3-aminopropyl trimethoxy silane, which may 
be added up to 0.5 to 10 wt% relative to the amount of the polymer 
in the varnish. 

[0074] When treating a substrate, said coupling agents are dissolved 
in a solvent such as isopropanol, ethyl alcohol, methyl alcohol, 
water, tetrahydrof uran, propylene glycol monomethyl ether acetate, 
propylene glycol monomethyl ether , ethyl lactate and diethyl adipate 
up to 0.5 to 20 wt% to produce a solution, which is applied over 
the surface with such techniques as spin coating, immersion, spray 
coating and steam treatment. In some cases, the reaction between 
the substrate and the coupling agents may be enhanced by subsequent 
heating in the temperature range of 50 to 3 00°C. 

[0075] Described below are methods to produce a resin pattern using 
the photosensitive resin composition of the invention. 

[0076] First, the photosensitive resin composition is applied over 
the substrate. Materials often used for the substrate include, but 
not limited to, silicon wafer , ceramics and gallium arsenide . Useful 
coating methods include rotation coating using a spinner, spray 
coating and roll coating. The coating thickness is generally in 
the range of 0.1 to 150 fxm after drying, depending on the coating 
technique used and solid content and viscosity of the composition. 

[0077] Then, the substrate coated with the photosensitive resin 
composition is dried to provide film of photosensitive resin 
composition. Drying is preferably performed for one minute to several 
hours in the temperature range of 50 to 150°C using an oven, hot 
plate, infrared light, etc. 

[0078] Subsequently, a chemical ray is applied for exposure to 
the photosensitive resin composition film from above through a mask 
with a desired pattern. Ultraviolet light, visible light, electron 
beam, X-ray, etc., can be used as the chemical ray for exposure, 
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but for the present invention, the i-line (365 nm) , h-line (405 
nm) and g-line (436 nm) of a mercury lamp are preferred. 
[0079] After exposure, the development process is carried out using 
a developing solution to form patterned photosensitive resin. 
Preferred developing solutions include aqueous tetramethylammonium 
solution, and other solutions of an alkaline compound such as diethyl 
alcohol amine, diethylaminoethyl alcohol, sodium hydroxide, 
potassium hydroxide, sodium carbonate, potassium carbonate, 
triethyl amine , diethylamine , methylamine , dimethylamine , 
dimethylaminoethyl acetate , dimethylaminoethyl alcohol , 
dimethylaminoethyl methacrylate , eye lohexyl amine , ethyl enediamine 
and hexamethylenediamine . In some cases, such alkaline solutions 
may contain polar solvents including N-methyl -2 -pyrrolidone , 
N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethylsulf oxide , 
y-butyrolactone and dimethylacrylamide , alcohols including methyl 
alcohol, ethyl alcohol and isopropanol, esters including ethyl 
lactate and propylene glycol monomethyl ether acetate, and ketones 
including cyclopentanone , cyclohexanone , isobutyl ketone and methyl 
isobutyl ketone, which may be added alone or in combination. Rinsing 
with water is performed after development . Again, alcohols including 
ethyl alcohol and isopropyl alcohol, and esters including ethyl 
lactate and propylene glycol monomethyl ether acetate may be added 
to the water used for rinsing. If a homopolymer or a copolymer produced 
from free -radical polymerizable monomers comprising a phenolic 
hydroxyl group or a carboxyl group, or a copolymer produced through 
copolymerization of said free-radical polymerizable monomers 
comprising a phenolic hydroxyl group or a carboxyl group with other 
free-radical polymerizable monomers, novolac resin or resol resin 
is used as component (a) , ultraviolet light is applied to unexposed 
portions after development up to 100 to 4000 mj/cm 2 , followed by 
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heating in the range of 170 to 300 °C to provide heat resistant resin 
film with enhanced heat resistance. If a polymer mainly comprising 
a structural unit as represented by general formula (1) is used 
as component (a) . ultraviolet light is also applied to unexposed 
portions after development up to 100 to 4000 mj/cm 2 , followed by 
heating in the range of 200 to 400°C to provide heat-resistant resin 
film. This ultraviolet light exposure before heat ing photodecomposes 
compound (c) remaining in the positive photosensitive resin 
composition of the invention to ensure that the heat-resistant resin 
film produced by subsequent heating has a transmit tance of 80% or 
more per /im of film thickness necessary for optical material in 
the range of 400 to 70 0 nm. If ultraviolet light exposure is not 
performed, compound (c) remaining in the composition will show 
absorption particularly at 400 to 450 nm and the transmittance will 
be less than 80%, which is not preferable. If inorganic particles 
containing a titanium compound is used, it will be possible to 
decompose compound (c) by a smaller exposure to ultraviolet light, 
partly owing to photocalytic reaction, which is preferable. 
[0080] Furthermore, it is not preferable that a compound that shows 
absorption at 400-700 nm after heating in the range of 130 to 400°C, 
preferably 170 to 400°C, is used as compound (b) . Because it will 
fail to produce heat-resistant resin film that is preferable as 
optical material. 

[0081] This heating for conversion to heat-resistant resin film 
shouldperf ormed for 5 minutes to 5 hours by increasing the temperature 
stepwise at selected temperatures or increasing the temperature 
continuously over a selected temperature range. For instance, 
heating may be performed at 170°C, 200°C and 350°C for 30 minutes 
at each temperature, or the temperature is increased linearly from 
room temperature to 400 °C over a 2-hour period. Of these techniques , 
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the use of a hot plate in a nitrogen atmosphere at 130 to 400°C, 
preferably 170 to 400°C / for 5 to 15 minutes is preferred in view 
of the fact that the resulting material will be used in an optical 
device . 

[0082] As described above, the photosensitive resin composition 
of the invention serves to form an accurate lens shape with a high 
refractive index, and therefore, will be used to produce interlayer 
film andmicrolenses with a high refractive index for optical devices . 
In a preferred embodiment, the polymer can be converted to 
heat-resistant resin by heating or with a suitable catalyst. In 
a microlens that can put the characteristics of the invention to 
practical use, it is preferred, for instance, that dots of 1 to 
10 lira are arranged grid- like at intervals of 0.1 to 1.0 fim . 
Specifically, it ispossible toproduce a relief pattern of anaccurate 
lens shape in which fine dots preferably having a taper angle of 
55° or less are arranged regularly. The resin composition of the 
invention serves to achieve high transmi ttance , and it is preferred 
that each dot has a light transmittance at 400 nm being 80% or more 
per /xm. A light transmittance of 80% or more serves to eliminate 
the problem of colored transmitted light , and the resulting material 
can be used in, for instance, solid-state image sensors without 
having adverse effect on the color balance when a color filter is 
used. 

[0083] A solid-state image sensor converts an image into electronic 
data through calculation based on the intensity of signals from 
and the position of regularly arranged charge coupled devices. The 
invention allows said relief pattern and charge coupled devices 
to be arranged so that each dot of the former comes on the 
photosensitive surface of each charge coupled device to enhance 
the light collection by the devices. As a result, not only highly 
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sensitive solid-state image sensor can be produced, but also a higher 
resolution can be achieved by using smaller charge coupled devices. 
[Examples] 

[0084] The invention is explained in detail below by using examples, 
though these examples are not intended to limit the invention. 
Evaluation of the photosensitive resin compositions and other 
materials described in these examples was carried out by the 
following methods. 

[0085] Production of photosensitive resin composition film 
Photosensitive resin composition film was produced by coating a 
6-inch silicon wafer or a 6-inch glass substrate with a positive 
photosensitive resin composition (hereafter referred to as varnish) 
so that the thickness after pre-bake treatment will be 1.2 /xm as 
measured with the thickness measuring method described below, 
followed by pre-bake treatment at 120°C for 3 minutes using a SCW-636 
hot plate (product of Dainippon Screen Mfg. Co., Ltd.). 
[0086] Measuring method for film thickness 

Lambda Ace STM-602 manufactured by Dainippon Screen Mfg. Co. , Ltd. 
was used to measure the film thickness of the photosensitive resin 
composition film at a refractive index of 1.64. 
[0087] Calculation of transmi ttance of photosensitive resin 
composition 

The 365 nm transmit tance of the photosensitive resin composition 
film prepared above on the 6-inch glass substrate was measured with 
a MultiSpec-1500 spectrophotometer for ultraviolet and visible 
region (product of Shimadzu Corporation) , 
[0088] Light exposure 

A patterned reticle was set on an exposure machine (NSR-1755-i7A 
i-line stepper manufactured by Nikon Corporation) , and i-line 
exposure was performed up to 300 mJ/cm 2 (intensitry at 365 nm) for 
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the photosensitive resin composition film prepared above on the 
6-inch silicon wafer or 6-inch glass substrate. 
[0089] De ve 1 opment 

After exposure, MARK - 7 development equipment (product of Tokyo 
Electron Ltd . ) was used to spray 2.38% tetramethylammonium hydroxide 
solution over the positive photosensitive resin composition film 
produced over a 6-inch silicon wafer or a 6-inch glass substrate. 
The sprayng was performed at a rotation rate of 50 per minute for 
10 seconds. Then, the equipment was kept still at a rotation rate 
of 0 per minute for 40 seconds, followed by rinsing with water at 
a rotation rate of 400 per minute and shake-off drying at a rotation 
rate of 3000 per minute for 10 seconds. 
[0090] Confirmation of photosensitivity 

After exposure and development, 5 \im square holes in the positive 
photosensitive resin composition film produced over a 6 -inch silicon 
wafer were observed visually with Lambda Ace STM-602, the same 
equipment used for film thickness measurement described above, to 
confirm photosensitivity. 

[00 91] Measurement of taper angle in patterned photosensitive resin 
composition after development 

After development, the 2 /zm line and space pattern was selected 
from the patterns in the positive photosensitive resin composition 
film produced over a 6- inch silicon wafer, and a diamond cutter 
was used to cut the pattern, and the cross section was observed 
with S-4800 FE-SEM manufactured by Hitachi High- Technologies 
Corporation to determine the taper angle (which, needless to say, 
is defined as the angle between the substrate plane and the tangent 
to the curved surface of the resin pattern at the boundary point 
between the substrate plane and the resin in the cross section) . 
[0092] Preparation of heat-resistant resin film 
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After the exposure and development performed above, the positive 
photosensitive resin composition film produced over a 6-inch silicon 
wafer or a 6 -inch glass substrate was exposed to ultraviolet light 
over the entire wavelength range (major wavelengths 365 nm , 405 
nm, 436 nm) for 3 minutes at an ultraviolet light intensity of 5 
mW/cm 2 (365 nm equivalent) using an exposure meter (PLA501F Contact 
Aligner manufactured by Canon Inc.,) followed by heat treatment 
at an appropriate temperature for 5 minutes with a hot plate (PMC 
Digital Hot Plate 722A-1 manufacture by As One Corp.) to produce 
heat-resistant resin film. In all examples and comparative examples, 
the thickness of heat-resistant resin film samples was 1 /zm. 
[0 093 ] Measurement of taper angle of patterned heat - resistant resin 
film 

The 2 /im line and space pattern was selected from the patterns in 
the heat-resistant resin film produced over a 6-inch silicon wafer, 
and a diamond cutter was used to cut the pattern, followed by 
observation of the cross section with S-4800 FE-SEM manufactured 
by Hitachi High-Technologies Corporation to determine the taper 
angle . 

Measuring method for refraction index of heat-resistant resin film 
The refractive index (TE) normal to said heat-resistant resin film 
produced over a 6 -inch glass substrate was measured with a MODEL2 010 
prism coupler (product of Metricon Corp.) under the conditions of 
a wavelength at room temperature (22 °C) of 632.8 nm (using He-Ne 
laser light source) , refractive index of the 6 -inch glass substrate 
N=1.4696, and measured refractive index range of 1.46-1.86. 
[0094] Calculation of transmi ttance of heat-resistant resin film 
The transmittance at 400 nm and 650 nm of said heat-resistant resin 
film produced over a 6 -inch glass substrate was measured with a 
MultiSpec- 1500 spectrophotometer for ultraviolet and visible region 
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(product of Shimadzu Corporation) . 

[0095] Synthesis example 1 : synthesis of hydroxyl-containing acid 
anhydride (a) 

Under a dry nitrogen flow, 18. 3g (0.05 moles) of 2 , 2-bis 
( 3-amino-4-hydroxylphenyl ) hexaf luoropropane (BAHF) and34.2g (0.3 
moles) of allyl glycidyl ether was dissolved in lOOg of gamma 
butyrolactone and cooled to -15°C. Then, a solution of 22 . Ig (0.11 
moles) of trimellitic anhydride chloride dissolved in 50g of 
gamma-butyrolactone was dropped with the temperature of the solution 
kept below 0°C. After dropping was finished, the substances were 
allowed to react at 0°C for 4 hours. The resulting solution was 
then condensed with a rotary evaporator, and added to 1 liter of 
toluene to produce acid anhydride (a) . 
[0096] 

[Chemical compound 9] 




[0097] Synthesis example 2: synthesis of hydroxyl-containing 
diamante compound ( b ) 

To 100ml of acetone containing 17. 4g (0.3moles) of propylene oxide, 
18. 3g (0.05 moles) of BAHF was dissolved, and cooled to -15°C. The 
a solution of 20 . 4g (0.11 moles) of 4-nitrobenzoyl chloride in 100ml 
of acetone was dropped . After the completion of dropping, the solution 
was allowed to react at -15°C for 4 hours , and then allowed to 
return to room temperature . The white solid precipitate was separated 
by filtration, and dried in a vacuum at 50°C. 

[0098] A30g portion of the solid material was put in a 300ml stainless 
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steel autoclave, dispersed in 250ml of methyl cellosolve, followed 
by addition of 2g of 5% palladium carbon. Hydrogen was introduced 
using a balloon to ensure a reductive reaction at room temperature. 
In about 2 hours, the reaction was stopped after confirming that 
the balloon has stopped deflating. Following the completion of the 
reaction, the palladium compound used as catalyst was filtered out, 
and the solution was condensed with a rotary evaporator to produce 
diamine compound (b) . As-obtained solid was used for the subsequent 
reaction . 
[0099] 

[Chemical compound 10] 




[0100] Synthesis example 3: synthesis of hydroxyl-containing 
diamine (c) 

To 50ml of acetone containing 30g (0.34 moles) of propylene oxide, 
15. 4g (O.lmoles) of 2-amino-4-nitrophenol was dissolved, and cooled 
to -15°C. Then, a solution produced by dissolving 11. 2g (0.055 
moles ) of isophthalic chloride in 60ml of aceton was dropped gradually . 
After the completion of dropping, the solution was allowed to react 
at -15°C for 4 hours. The solution was then allowed to return to 
room temperature, and the precipitate was collected by filtration. 
[0101] The precipitate was dissolved in 200ml of gamma butyrolactone, 
and 3g of 5% palladium carbon was added, followed by strong stirring . 
A balloon containing hydrogen gas was fixed on the container, and 
stirring was continued at room temperature until the balloon has 
stopped deflating, followed by additional stirring for 2 hours with 
the hydrogen balloon fixed. After the completion of stirring, the 
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palladium compound was filtered out, and the solution was condensed 
with a rotary evaporator until the volume decreased by 50%. Then, 
ethyl alcohol was added to cause recrystallization to produce 
crystals of the target compound. 
[0102] 

[Chemical compound 11] 




[0103] Synthesis example 4: synthesis of hydroxyl-containing 
diamine (d) 

To 100ml of acetone containing 17 . 4g (0.3 moles ) of propylene oxide, 
15. 4g (O.lmoles) of 2-amino-4-nitrophenol was dissolved, and cooled 
to -15 °C. Then, a solution produced bydissolving20.4g (0.11 moles) 
of 4-nitrobenzoyl chloride in 100ml of aceton was dropped gradually. 
After the completion of dropping, the solution was allowed to react 
at -15°C for 4 hours. The solution was then allowed to return to 
room temperature, and the precipitate was collected by filtration. 
The same procedure as in Synthesis example 2 was carried out to 
produce crystals of the target compound. 
[0104] 

[Chemical compound 12] 




OH 



[0105] Synthesis example 5: synthesis of quinone diazide compound 
(1) 

Under a dry nitrogen flow, 7.21g (0.05 moles) of 2-naphthol and 
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13.43g (0.05 moles) of 5-naphthoquinone diazide sulfonyl chloride 
were dissolved in 450g of 1, 4-dioxane, and kept at room temperature. 
Then, a mixture of 50g of 1,4-dioxane and 5.06g of triethylamine 
was dropped. After the completion of dropping, the solution was 
allowed to react at room temperature for 2 hours, and triethylamine 
salts were filtered out, followed by pouring the filtrate in water. 
Subsequently, the precipitate was collected by filtration. The 
precipitate was dried in a vacuum dryer to produce quinone diazide 
compound ( 1 ) . 
[0106] 

[Chemical compound 13] 



[0107] Synthesis example 6: synthesis of quinone diazide compound 



Under a dry nitrogen flow, 15.31g (0.05 moles) of TrisP-HAP (product 
of Honshu Chemical Industry Co., Ltd.) and 40.28g (0.15 moles) of 
5-naphthoquinone diazide sulfonyl chloride were dissolved in 450g 
of 1,4-dioxane, and kept at room temperature. Using a mixture of 
50g of 1,4-dioxane and 15.18g of triethylamine, the same procedure 
as in Synthesis example 5 was carried out to produce quinone diazide 
compound ( 2 ) . 
[0108] 

[Chemical compound 14] 




(1) 



(2) 




?o 2 



(2) 



OQ 
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[0109] Synthesis example 7: synthesis of quinone diazide compound 
(3) 

Under a dry nitrogen flow, 6.81g (0.05 moles) of 4-isopropylphenol 
and 13.43g (0.05 moles) of 5-naphthoquinone diazide suifonyi 
chloride were dissolved in 450g of 1, 4-dioxane, and kept at room 
temperature. Then, using a mixture of 50g of 1, 4-dioxane and 5.06g 
of triethylamine, the same procedure as in Synthesis example 5 was 
carried out to produce quinone diazide compound (3) . 
[0110] 

[Chemical compound 15] 



H 3 Q 

C,H-£^-OQ Q= 

CH 3 




(3) 



[0111] Synthesis example 8: synthesis of quinone diazide compound 
(4) 

Under a dry nitrogen flow, 11.41g (0.05 moles) of bisphenol A and 
26.86g (0.1 moles) of 5-naphthoquinone diazide suifonyi chloride 
were dissolved in 450g of 1, 4-dioxane, and kept at room temperature . 
Then, using a mixture of 50g of 1 , 4-dioxane and 10 . 12g of triethylamine, 
the same procedure as in Synthesis example 8 was carried out to 
produce quinone diazide compound (4) . 
[0112] 

[Chemical compound 16] 

CH, Q 

B, 2 ( 4 ) 



Qo<>-p> oQ Q = Qy* 

CH 3 ^o 2 



[0113] Listed below are some compounds that show absorption at the 
wavelengths of light sources (for instance, ultraviolet rays 



38 



containing the i-line, h-lineorg-lineas bright line ) and compounds 

that contain the phenolic hydroxyl group used in the examples and 

comparative examples . 
r m izn 

L >" — * J 

[Chemical compound 17] 



OH 




4-hydroxycoumarin 7 " hydroxycoumarin Zislizer M 




A-DMA 

[0115] Example 1 

Under a nitrogen flow, 4 . lg ( 0 . 02 05 moles ) of 4 , 4 ' -diaminodiphenyl 
ether and 1.24g (0.005 moles) of 1,3-bis 

(3-aminopropyl) tetramethyldisiloxane were dissolved in 50g of 
N-methyl-2-pyrrolidone (NMP) . Then, a mixture of 2 1 . 4g (0.03 moles) 
of hydroxyl-containing acid anhydride (a) and 14g of NMP was added, 
and allowed to react at 20°C for 1 hour, followed by reaction at 
50°C for 4 hours . Then, a solution produced by diluting 7 . 14g (0.06 
moles) of N,N~dimethyl f ormamidedimethylacetal with 5g of NMP was 
dropped over a time period of 10 minutes . After completion of dropping, 
the solution was stirred at 50°C for 3 hours. 
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[0116] To 40g of the solution obtained, 2g of naphthoquinone diazide 
compound (1) , 1 . 6g of coumarin (product of Sigma-Aldr ich Japan K. K. ) 
and 50g of OptorakeTR- 502 (product of Catalysts & Chemicals Ind. 
Co. , Ltd. , gamma butyrolactone solution, solid content 20%) with 
a particle diameter of 5 nm were added to produce a positive 
photosensitive resin composition, which is referred to as varnish 
A. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 280°C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle . 

[0117] Example 2 

Under a dry nitrogen flow, 13. 6g (0.0225 moles) of diamine (b) 
produced in synthesis example 2 and 4 -et hynyl aniline (P-APAC, 
manufactured, used for terminal sealing, by Fuji Photo Film Co., 
Ltd.) were dissolved in 50g of N-methyl - 2 -pyrrol idone (NMP) . Then, 
a mixture of 17 . 5g (0.025 moles) of hydroxy 1 - containing acid 
anhydride (a) and 30g of pyridine were added and allowed to react 
at 6 0 °C for 6 hours . After the completion of the reaction, the solution 
was poured in 2 liter of water, and precipitate of polymer solid 
was collected by filtration. The polymer solid was then dried at 
80°C for 20 hours in a vacuum drier. 

[0118] A lOg portion of the polymer solid thus obtained was weighed 
out and, along with 2g of naphthoquinone diazide compound (2) 
described above, lg of vinyl trimethoxy silane, 0.5g of Zislizer 
O (product of Sankyo Kasei Co., Ltd.) and 50g of OptorakeTR- 502 

(product of Catalysts & Chemicals Ind. Co. , Ltd. , gamma butyrolactone 
solution, solid content 20%) with a particle diameter of 5 nm, were 
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dissolved in 30g of gamma butyrolactone to produce a positive 
photosensitive resin composition, which is referred to as varnish 
B. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 350 °C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmit tance of heat-resistant resin composition film and 
the taper angle. 
[0119] Example 3 

Under a dry nitrogen flow, 20.78g (0.055 moles) of diamine compound 
(c) produced in synthesis example 3 and 1.24g (0.005 moles) of 1, 
3-bis (3 -aminopropyl ) tetramethyldisiloxane were dissolved in 50g 
of NMP . Then , a mixture of 13 . 95g ( 0 . 04 5 moles) of 3,3' ,4,4' -diphenyl 
ether tet racarboxyl ic acid anhydrate and 21g of NMP was added and 
allowed to react at 20 °C for 1 hour, followed by additional reaction 
at 50 °C for 2 hours. After stirring at 50 °C for 2 hours, a solution 
produced by diluting 14 . 7g (0.1 moles) of N,N-dimethyl 
f ormamidediethylacetal with 5g of NMP was dropped over a time period 
of 10 minutes. After the dropping, the solution was stirred at 50°C 
for 3 hours. 

[0120] In 30g of the solution obtained, 1 . 6g of naphthoquinone diazide 
compound (3) described above, 2 . lg of Sumisorb 13 0 (product of 
Sumitomo Chemical Co . , Ltd.) and 85g of OptorakeTR- 505 (manufactured 
Catalysts & Chemicals Ind. Co. , Ltd. , gamma butyrolactone solution, 
solid content 20%) with a particle diameter of 10 nm were dissolved 
to produce a positive photosensitive resin composition which is 
referred to as varnish C. The varnish obtained was then used to 
produce positive photosensitive resin film over a silicon wafer 
or a glass substrate, and subjected to light exposure, development 
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and heating at 300°C / and evaluation was carried out to determine 
the photosensitivity of the varnish , transmittance of photosensitive 
resin composition film, transmittance of heat-resistant resin 
composition film and the taper angle. 
[0121] Example 4 

Under a dry nitrogen flow, 6.08g (0.025 moles) of diamine compound 
(d) produced in synthesis example 4, 4.21g (0.021 moles) of 

4 , 4 ' -diaminodiphenyl ether and 0.806g (0.00325 moles) of 1,3-bis 
(3 -aminopropyl) tet ramethyldi si loxane were dissolved in 70g of NMP. 

Then, 24.99g (0.035 moles) of hydroxyl - containing acid anhydrate 
(a), 4.41g (0.015 moles) of 3 , 3 ' , 4 , 4 ' -biphenyltetracarboxylic 

dianhydride and 25g of NMP were added at room temperature, followed 

by stirring at room temperature for 1 hour and at 50°C for 2 hours. 

Further, a solutionproducedby diluting 17 . 6g (0.2 moles) of glycidyl 

methyl ether with lOg of NMP was added and stirred at 70°C for 6 

hours . 

[0122] In 40g of this polymer solution, 2 . 5g of naphthoquinone diazide 
compound (4) described above, 1.6g of Sumisorb 2 00 (product of 
Sumitomo Chemical Co., Ltd.) and 150g of OptorakeTR-503 

(manufactured Catalysts & Chemicals Ind. Co., Ltd., gamma 
butyrolactone solution, solid content 20%) with a particle diameter 
of 8 nm were dissolved to produce a positive photosensitive resin 
composition which is referred to as varnish D. The varnish obtained 
was then used to produce positive photosensitive resin film over 
a silicon wafer or a glass substrate , and subjected to light exposure, 
development and heating at 400°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmittance 
of photosensitive resin composition film, transmittance of 
heat-resistant resin composition film and the taper angle. 

[0123] Example 5 
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Under a dry nitrogen flow, 16.93g (0.04625 moles) of 2,2-bis 
(3 -amino-4 - hydroxy lphenyl ) hexaf luoropropane was dissolved in 50g 
of N-methyl -2 -pyrrolidone (NMP) and 26. 4g (0.3 moles) of glycidyl 
methyl ether, and the solution was cooled to - 15 C C . A solution produced 
by dissolving 7.38g (0.025 moles) of diphenyl ether dicarboxylic 
acid dichloride and 5.08g (0.025 moles) of isophthalic dichloride 
in 2 5g of gamma butyrolactone was dropped while keeping the 
temperature of the solution below 0°C. After the completion of 
dropping, stirring was continued at -15°C for 6 hours. After the 
completion of the reaction, the solution was poured in 3 liter of 
water, and white precipitate was collected. The precipitate 
collected by filtration was rinsed with water three times , and dried 
in a vacuum drier at 80 °C for 20 hours. 

[0124] A lOg portion of the polymer powder thus obtained, 2g of 
naphthoquinone diazide compound (2) described above, lg of 
4,4' - sulphonyldiphenol (products of Wako Pure Chemical Industries, 
Ltd.), 2g of coumarin (product of Sigma-Aldr ich Japan K . K) and lOOg 
of OptorakeTR-5 04 (products of Catalysts & Chemicals Ind. Co. , Ltd. , 
gamma butyrolactone solution, solid content 20%) with a particle 
diameter of 5 nm were dissolved in 30g of NMP to produce a positive 
photosensitive resin composition, which is referred to as varnish 
E. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 320 °C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle . 

[0125] Example 6 

Under a dry nitrogen flow, 13 . 6g ( 0 . 02 25moles ) of diamine (b) produced 
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in synthesis example 2 and 0.44g (0.0025 moles) of 4- 
(3 -aminophenyl ) -2-methyl-3-butyn-2-ol (M-APACB, product of Fuji 
Photo Film Co., Ltd.), used for terminal sealing, were dissolved 
in 50g of N- methyl -2 -pyrrol idone (NMP) . Then, a mixture of 17. 5g 
(0.025 moles) of hydroxyl -containing acid anhydride (a) and 30g 
of pyridine were added and allowed to react at 60 °C for 6 hours. 
After the completion of the reaction, the solution was poured in 
2 liter of water, and precipitate of polymer solid was collected 
by filtration. The polymer solid was then dried at 80°C for 20 hours 
in a vacuum drier. 

[0126] A lOg portion of the polymer solid thus obtained was weighed 
out and, along with 2g of naphthoquinone diazide compound (2) 
described above, lg of vinyl trimethoxy silane, 2 . 5g of coumarin-4 

(product of Sigma- Aldrich Japan K . K . ) and 10 0 . Og of OptorakeTR- 504 

(product of Catalysts & Chemicals Ind. Co. , Ltd. , gamma butyrolactone 
solution, solid content 20%) with a particle diameter of 5 nm, were 
dissolved in 30g of gamma butyrolactone to produce a positive 
photosensitive resin composition, which is referred to as varnish 
F. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 300°C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle . 

[0127] Example 7 

The same procedure as in example 1 was carried out except that 46. 7g 
of zirconium oxide particles (product of Kojundo Chemical Lab. Co. , 
Ltd., solid content 100%) with a particle diameter 5 nm and 3g of 
coumarin-4 (product of Sigma- Aldrich Japan K.K. ) were used instead 
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of OptorakeTR-5 02 (products of Catalysts & Chemicals Ind. Co. , Ltd. , 
gamma butyrolactone solution, solid content 20%) with a particle 
diameter 5 nm and 1 . 6g of coumarin (product of Sigma-Aldrich Japan 
K.K.), respectively, to produce a positive photosensitive resin 
composition, which is referred to as varnish G. The varnish obtained 
was then used to produce positive photosensitive resin film over 
a silicon wafer or a glass substrate , and sub j ected to light exposure , 
development and heating at 320°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmit tance 
of photosensitive resin composition film, transmittance of 
heat-resistant resin composition film and the taper angle. 
[0128] Example 8 

The same procedure as in example 3 was carried out except that tin 
oxide -zirconium oxide composite particle sol (product of Catalysts 
Sc Chemicals Ind. Co., Ltd., gamma butyrolactone solution, solid 
content 8.5%) with a particle diameter of 25 nm was used instead 
of OptorakeTR- 505 (product of Catalysts & Chemicals Ind. Co. , Ltd. , 
gamma butyrolactone solution, solid content 20%) with a particle 
diameter 10 nm to produce a positive photosensitive resin composition, 
which is referred to as varnish H. The varnish obtained was then 
used to produce positive photosensitive resin film over a silicon 
wafer or a glass substrate, and subjected to light exposure, 
development and heating at 35 0°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmittance 
of photosensitive resin composition film, transmittance of 
heat-resistant resin composition film and the taper angle. 
[0129] Example 9 

The same procedure as in example 2 was carried out except that 
aluminium oxide -titanium oxide composite particles (solid content 
100%) with a particle diameter of 15 nm and lg of coumarin (product 
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of Sigma-Aldrich Japan K.K.) were used instead of OptorakeTR- 502 
(products of Catalysts & Chemicals Ind. Co., Ltd., gamma 
butyrolactone solution, solid content 20%) with a particle diameter 
of 5 nm and 0 . 5g of Zislizer 0 (product of Sankyo Kasei Co. , Ltd.) , 
respectively, to produce a positive photosensitive resin composition , 
which is referred to as varnish I. The varnish obtained was then 
used to produce positive photosensitive resin film over a silicon 
wafer or a glass substrate, and subjected to light exposure, 
development and heating at 280°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmit tance 
of photosensitive resin composition film, transmittance of 
heat-resistant resin composition film and the taper angle. 
[0130] Example 10 

The same procedure as in example 5 was carried out except that 18. 3g 
(0.05 moles), instead of 16.93g, of 2,2-bis 

(3 - amino- 4 -hydroxy lphenyl ) hexaf luoropropane was used, and that 
lOOg of tin oxide particles (product of Kojundo Chemical Lab. Co., 
Ltd., gamma butyrolactone solution, solid content 12%) with a 
particle diameter of 10 nm and lg of coumarin-4 (product of 
Sigma-Aldrich Japan K.K.) were used instead of OptorakeTR- 504 
(product of Catalysts & Chemicals Ind. Co. , Ltd. , gamma butyrolactone 
solution, solid content 20%) with a particle diameter of 5 nm and 
2g of coumarin (product of Sigma-Aldrich Japan K.K. ) , respectively, 
to produce a positive photosensitive resin composition, which is 
referred to as varnish J. The varnish obtained was then used to 
produce positive photosensitive resin film over a silicon wafer 
or a glass substrate, and subjected to light exposure, development 
and heating at 300°C, and evaluation was carried out to determine 
the photosensitivity of the varnish, transmittance of photosensitive 
resin composition film, transmittance of heat-resistant resin 
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composition film and the taper angle. 
[0131] Example 11 

Under a dry nitrogen flow, 57g (0.6 moles) of meta cresol, 38g (0.4 
moles) of para cresol, 75. 5g (formaldehyde 0.93 moles) of 3 7wt % 
formaldehyde solution, 0.63g (0.0 05 moles) of oxalate dehydrate 
and 264g of methyl isobutyl ketone were mixed to provide a reaction 
liquid, which was then immersed in an oil bath, and allowed to undergo 
condensation polymer ization for 4 hours under reflux. Subsequently, 
the oil bath was heated for 3 hours, and the pressure in the flask 
was decreased down to 30-50mmHg to remove volatile components, 
followed by cooling the resin, which was dissolved in the solution, 
to room temperature to produce 85g of polymer solid which was 
alkali-soluble novolac resin. 

[0132] A lOg portion of the novolac resin thus obtained was weighed 
out and, along with 2g of naphthoquinone diazide compound (2) 
described above, lg of Sumisorb 130 (product of Sumitomo Chemical 
Co., Ltd.) , lg of vinyl trimethoxy silane , lg of Sumisorb 14 0 (product 
of Sumitomo Chemical Co. , Ltd.) and 50g of OptorakeTR- 502 (product 
of Catalysts & Chemicals Ind . Co. , Ltd. , gamma butyrolactone solution, 
solid content 20%) with a particle diameter of 5 nm, were dissolved 
in 30g of gamma butyrolactone to produce a positive photosensitive 
resin composition, which is referred to as varnish K. The varnish 
obtained was then used to produce positive photosensitive resin 
film over a silicon wafer or a glass substrate, and subjected to 
light exposure, development and heating at 220°C, and evaluation 
was carried out to determine the photosensitivity of the varnish, 
transmittance of photosensitive resin composition film, 
transmittance of heat-resistant resin composition film and the taper 
angle . 

[0133] Example 12 
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Under a dry nitrogen flow, 5g of 2,2'-azobis 

(2 , 4-dimethylvaleronitrile) , 200g of propylene glycol monomethyl 
ether acetate, 25g of para-hydroxyl -a-methylstyrene, 40gof acrylic 
acid and 3 0g of tricycio [5.2.1.0 2 ' 6 ] decane-8-yl aery late were mixed 
to prepare a solution, which was stirred at 70°C for 4 hours to 
ensure reaction. After the completion of the reaction, the 
alkali-soluble, free-radical polymerized polymer solution was 
poured in lOOOg of hexane , and the precipitate of polymer solid 
was collected by filtration. The polymer solid was dried at 80°C 
in a vacuum drier. 

[0134] A lOg portion of the polymer solid thus obtained was weighed 
out and, along with 2g of naphthoquinone diazide compound (1) 
described above, lg of Sumisorb 200 (product of Sumitomo Chemical 
Co. , Ltd.) and 7 Og of OptorakeTR - 5 05 (product of Catalyst s & Chemicals 
Ind. Co., Ltd., gamma butyrolactone solution, solid content 20%) 
with a particle diameter of 10 nm, was added to produce a positive 
photosensitive resin composition, which is referred to as varnish 
L. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 200°C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle . 

[0135] Example 13 

Under a dry nitrogen flow, 3.42g ( 0 . 022 5 moles ) of 3 , 5 -diaminobenzoic 
acid (product of Tokyo Chemical Industry Co . , Ltd.) and 0.29g (0.0025 
moles) of 4-ethynylaniline (P-APAC, product of Fuji Photo Film Co. , 
Ltd.), used for terminal sealing, were dissolved in 50g of 
N-methyl-2-pyrrolidone (NMP) . Then, 17. 5g (0.025 moles) of 
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hydroxyl -containing acid anhydride (a) and 30g of pyridine were 
added and reacted at 60°C for 6 hours. After the completion of the 
reaction, the solution was poured in 2 liter of water, and precipitate 
of polymer solid was collected by filtration. Then, the polymer 
solid was dried at 80°C for 20 hours in a vacuum drier. 
[0136] A lOg portion of the polymer solid thus obtained was weighed 
out and, along with 2g of naphthoquinone diazide compound (2) 
described above, Ig of vinyl trimethoxy silane, Ig of coumarin-4 
(product of Sigma-Aldrich Japan K.K.) and 50g of OptorakeTR- 502 
(product of Catalysts & Chemicals Ind. Co. , Ltd. , gamma but yrol act one 
solution, solid content 20%) with a particle diameter of 5 nm, was 
dissolved in 30g of gamma butyrolactone to produce a positive 
photosensitive resin composition, which is referred to as varnish 
M . The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 320°C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle. 
[0137] Example 14 

The same procedure as in example 12 was carried out except that 
2g of A- DMA (product of Hodogaya Chemical Co. , Ltd. ) was used instead 
of lg of Sumisorb 200 (product of Sumitomo Chemical Co., Ltd.) to 
produce a positive photosensitive resin composition, which is 
referred to as varnish S. The varnish obtained was then used to 
produce positive photosensitive resin film over a silicon wafer 
or a glass substrate, and subjected to light exposure, development 
and heating at 20 0°C, and evaluation was carried out to determine 
the photosensitivity of the varnish, transmittance of photosensitive 
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resin composition film, transmittance of heat-resistant resin 
composition film and the taper angle. 

[0138] A good lens shape was obtained though the patter was somewhat 
colored. 

[0139] Example 15 

The same procedure as in example 2 was carried out except that 0.2g, 
instead of 0.5g, of Zislizer O (product of Sankyo Kasei Co., Ltd.) 
was used to produce a positive photosensitive resin composition, 
which is referred to as varnish U. The varnish obtained was then 
used to produce positive photosensitive resin film over a silicon 
wafer or a glass substrate, and subjected to light exposure, 
development and heating at 200°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmittance 
of photosensitive resin composition film, transmittance of 
heat-resistant resin composition film and the taper angle. 
[0140] Comparative example 1 

The same procedure as in example 1 was carried out except that 
OptorakeTR-502 and coumarin were not used, to produce a positive 
photosensitive resin composition, which is referred to as varnish 
N. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 280°C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmittance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle. 
[0141] Comparative example 2 

The same procedure as in example 2 was carried out except that 0.05g 
of coumarin (product of Sigma-Aldrich Japan K.K.) was used instead 
of 0 . 5g of Zislizer O (product of Sankyo Kasei Co., Ltd.) to produce 
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a positive photosensitive resin composition, which is referred to 
as varnish O. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 3 50 °C , 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmittance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle. 
[0142] Comparative example 3 

The same procedure as in example 3 was carried out except that 5 . lg 
of Zislizer 0 (product of Sankyo Kasei Co., Ltd.) was used instead 
of 2.1g of Sumisorb 130 (product of Sumitomo Chemical Co., Ltd.), 
to produce a positive photosensitive resin composition, which is 
referred to as varnish P. The varnish obtained was then used to 
produce positive photosensitive resin film over a silicon wafer 
or a glass substrate, and subjected to light exposure, development 
and heating at 300°C, and evaluation was carried out to determine 
the photosensitivity of the varnish, transmittance of photosensitive 
resin composition film, transmittance of heat-resistant resin 
composition film and the taper angle. 
[0143] Comparative example 4 

The same procedure as in example 10 was carried out except that 
lOOOg, instead of lOOg, of tin oxide particles (product of Kojundo 
Chemical Lab. Co. , Ltd. , gamma butyrolactone solution, solid content 
12%) was used, to produce a positive photosensitive resin composition , 
which is referred to as varnish Q. The varnish obtained was then 
used to produce positive photosensitive resin film over a silicon 
wafer or a glass substrate, and subjected to light exposure, 
development and heating at 3 0 0°C, and evaluation was carried out 
to determine the photosensitivity of the varnish, transmittance 
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of photosensitive resin composition film, t ransmittance of 
heat-resistant resin composition film and the taper angle. 
[0144] Comparative example 5 

The same procedure as in example 4 was carried out except that Sumisorb 
200 (product of Sumitomo Chemical Co . , Ltd. ) was not used, to produce 
a positive photosensitive resin composition, which is referred to 
as varnish R. The varnish obtained was then used to produce positive 
photosensitive resin film over a silicon wafer or a glass substrate, 
and subjected to light exposure, development and heating at 400 °C, 
and evaluation was carried out to determine the photosensitivity 
of the varnish, transmi ttance of photosensitive resin composition 
film, transmittance of heat-resistant resin composition film and 
the taper angle . 
[0145] Comparative example 6 

The same procedure as in example 13 was carried out except that 
lg of coumarin-4 (product of Sigma-Aldrich Japan K. K. ) was not used, 
to produce a positive photosensitive resin composition, which is 
referred to as varnish T. The varnish obtained was then used to 
produce positive photosensitive resin film over a silicon wafer 
or a glass substrate, and subjected to light exposure, development 
and heating at 320°C, and evaluation was carried out to determine 
the photosensitivity of the varnish, transmittance of photosensitive 
resin composition film, transmittance of heat-resistant resin 
composition film and the taper angle. 

[0146] The components used in examples 1-15 and comparative examples 
1-6 are listed in Tables 1 and 2, and results of evaluation are 
shown in Table 3. 
[0147] [Table 1] 
[0148] [Table 2] 
[0149] [Table 3] 
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[Industrial Applicability] 

[0150] The positive photosensitive resin composition of the 
invention can serve to produce a lens shape with high transparency 
and high refractive index that is suitable to optical devices. 
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